Abstract. B7 family members are aberrantly expressed on the human hepatocellular carcinoma (HCC) cell surface, and induce local and systemic immunosuppression. Tumorassociated macrophages (TAMs) are a significant immune cell subpopulation in HCC and may be induced to express co-inhibitory molecules including B7 homologue 3 (B7-H3). In the present study, 79.3% of the HCC tissue samples showed high expression of B7-H3 which was positively correlated with the number of TAMs in the evaluated cancer tissues. Furthermore, high levels of TAMs or B7-H3 were associated with a shorter survival time of the HCC patients. In vitro, B7-H3 expression was upregulated at both the mRNA and protein levels in phorbol 12-myristate 13-acetate (PMA)-induced THP-1 cells cocultured with HepG2 cells in a Transwell system. In addition, B7-H3 promoted PMA-induced THP-1 cells to differentiate into the M2 phenotype, with evidence of increases in arginase 1 (Arg1), vascular endothelial cell growth factor (VEGF) and macrophage-derived chemokine (CCL22) mRNA following coculture with HepG2 cells. However, this phenomenon was abrogated through knockdown of B7-H3 by RNA interference or by blocking the signal transducer and activator of transcription 3 (STAT3) signaling pathway. Overall, these results suggest that the B7-H3-mediated STAT3 signaling pathway is an important mechanism for inducing M2-type polarization of TAMs, which accelerates HCC development. Our findings may support the development of novel therapeutic strategies for HCC patients through the skewing of the TAM phenotype by targeting the B7-H3 signaling pathway.
Introduction
Hepatocellular carcinoma (HCC), the most common type of primary liver malignancy, is the fifth most common cancer in men and the seventh most common cancer in women according to the International Agency for Research on Cancer (IARC) (1, 2) . The incidence of HCC has increased dramatically by 80% in the last two decades in many of the developed and developing countries of the world (3) . Despite better imaging studies and improvement of surgical techniques in this area, the 5-year survival rate for HCC still remains low and HCC is one of the malignancies with a high mortality rate (4, 5) . Accumulating evidence suggests that immunotherapy is an alternative potent therapeutic strategy for patients with HCC (6, 7) . Recent studies have shown that human cancer cells and immune cells in the cancer microenvironment upregulate expression of inhibitory B7 molecules and that these ectopic molecules contribute to tumor immune evasion (8) . Therefore, the manipulation of the expression of and signaling through these molecules may be a promising strategy with which to treat human types of cancers.
In HCC, immunosuppressive ligands, including the costimulatory molecule B7 homologue 1 (B7-H1) and B7 homologue 3 (B7-H3), are aberrantly expressed at the tumor cell surface and in the cytoplasm (9) (10) (11) . B7-H3, a newly identified member of the B7/CD28 superfamily, was identified as an accessory costimulatory molecule after initial antigen priming in cooperation with a putative counter receptor (12, 13) . Although the role of B7-H3 in adaptive immune responses still remains controversial, overexpression of B7-H3 in HCC suggests that it may play a significant role in the 'immune escape' theory of tumors (9, 14) . However, the multiple changes trigged by B7-H3 overexpression in HCC and how these overexpressed HCC cells disturb the microenvironment balance to induce immune escape remain to be clarified.
The tumor microenvironment is a complex system composed of many cell types, among which macrophages are the most abundant ones and its subpopulations can be recruited and polarized according to tumor-secreted cytokines in the tumor milieu, which have great potential for influencing tumor progression (15, 16) . In general, the phenotype of these tumor-associated macrophages (TAMs) can be categorized into two subpopulations and each of them has diverse effects on the tumor: M1 macrophages are generally antitumoral, and M2 macrophages exert pro-tumoral effects (17, 18) . In HCC, the phenotype of TAMs are largely immunosuppressive, and the degree of macrophage infiltration has been positively asso- (19) . B7-H3 is a multifunctional costimulatory molecule that is also involved in non-immunological functional regulation, such as cell growth, invasion and metastasis and drug resistance (10, 20, 21) . Recent studies have shown that B7-H3 proteins promote the progression of lung cancer by inducing the development of monocytes into M2 macrophages (22) . In addition, B7-H3 augments proinflammatory cytokine release by binding its putative receptor on monocytes/macrophages and contributes positively to the development of sepsis (23) . To date, substantial expression of B7-H3 in monocytes and tumor-infiltrating macrophages in HCC patients has not been documented; therefore, we aimed to denote the functions of B7-H3 in the present study.
Hepatocellular carcinomas promote tumor-associated macrophage M2-polarization via increased B7-H3 expression

Materials and methods
Patients and clinical specimens. According to the inclusion and exclusion criteria, 116 HCC tumor tissues and corresponding adjacent non-cancerous liver tissues used in immunohistochemical analysis were randomly obtained from patients undergoing liver curative resection between 2004 and 2008 who were hospitalized in the Department of Hepatobiliary Surgery, The Fourth Hospital of Hebei Medical university. The inclusion and exclusion criteria included patients: i) with distinctive pathologic diagnosis of HCC; ii) with no anticancer treatment before liver resection; iii) who underwent primary and curative resection for HCC between 2004 and 2008; and iv) with complete clinicopathologic and follow-up data. All specimens were collected in the operating theater immediately (≤15 min) after resection of the tumors and then were snap frozen in liquid nitrogen or fixed in 10% buffered formalin solution and embedded in paraffin for histological analysis. The histologic grade of tumor differentiation was determined by the Edmondson-Steiner grading system. Liver function was assessed by the Child-Pugh scoring system. Tumors were classified according to the WHO classification and the International Union against Cancer tumor-node-metastasis (TNM) classification. If patients had multiple lesions in the liver, we selected the main nodule for the present study. All samples were obtained following informed consent and their use was approved by the ethics committee of the institution. The median follow-up period was 33.5 months [range, 9-62 months; standard deviation (SD), 11.6 months]. At the last follow-up (December 31, 2012), 79 (68.1%) patients were deceased, including 32 due to liver failure or bleeding from the gastrointestinal tract and the remaining 47 cases due to tumor recurrence.
Cell lines and culture conditions. The human monocytic cell line THP-1 and the HCC HepG2 cell line were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and cultured according to the instructions from the American Type Culture Collection (ATCC). These cells were maintained in RPMI-1640 supplemented with 10% fetal calf serum (Gibco) and incubated at 37˚C in a humidified chamber containing 5% CO 2 .
Immunohistochemistry for B7-H3 and TAMs. Immunohistochemistry for B7-H3 was performed on a 5-µm thick section using a two-step method with a polyclonal goat anti-B7-H3 antibody (1:200 dilution; R&D Systems, Inc.) as the primary antibody and a rabbit anti-goat IgG antibody conjugated to horseradish peroxidase (ZSGB-BIO, Beijing, China) as the secondary antibody. Immunohistochemistry for TAMs was carried out on consecutive section using a threestep protocol with a monoclonal mouse anti-CD68 antibody (1:100 dilution; Abcam, uK) as the primary antibody and a rabbit anti-mouse IgG antibody conjugated to horseradish peroxidase (ZSGB-BIO) as the secondary antibody. In brief, paraffin sections were dewaxed in xylene and rehydrated through graded ethanol solutions. Antigens were retrieved by heating the tissue sections at 100˚C for 30 min in EDTA solution. Sections were cooled down and immersed in 0.3% H 2 O 2 solution for 20 min to block endogenous peroxidase activity, and then rinsed in phosphate-buffered saline (PBS) for 5 min, blocked with 5% BSA at room temperature for 20 min, and incubated with primary antibodies at 4˚C overnight. Negative controls were performed by replacing the specific primary antibody with PBS. After three PBS washes, sections were incubated with secondary antibodies for 30 min at room temperature. Diaminobenzene was used as the chromogen and hematoxylin as the nuclear counterstain. Sections were dehydrated, cleared and mounted.
Evaluation of B7-H3 and CD68 staining in cancer cells and TAMs were evaluated by authorized pathologists who had no knowledge of the patient clinical status and outcome. B7-H3 expression scores were given separately for the stained area and for the intensity of staining. Quantification was conducted as follows: ≤33% of the cancer cells, 1; >33 to ≤66% of the cancer cells, 2; >66% of the cancer cells, 3; and intensity of staining: absent/weak, 1; moderate, 2; and strong, 3. The intensity of B7-H3 staining was considered weak when either cytoplasmic expression or rare membranous condensation was present, moderate when incomplete and discontinuous moderate membranous expression was present, and strong when complete membranous expression of the molecule was present. Each section had a final grade that was derived from the multiplication of the area and intensity scores. Sections with a final score of ≤3 were classified as tumors with low B7-H3 expression, whereas sections with a final score of >3 were classified as tumors with high B7-H3 expression.
To determine the intratumoral TAM densities, 10 representative high-power fields (x400 magnification) per tissue section were selected using a Leica DM2500 microscope. The number of nucleated cells with positive staining for CD68 in each of the examined cancer tissue areas was counted manually. The number of TAMs in each sample was determined by averaging the number of TAMs in at least 3 fields. According to the number of infiltration TAMs in the tumor, the average of grade Ⅰ group was 75, grade Ⅱ group was 175, and grade Ⅲ group was 250, respectively.
THP-1 cell and HCC cell coculture. Phorbol 12-myristate 13-acetate (PMA) (Sigma, St. Louis, MO, uSA) was used to induce THP-1 cells to differentiate into macrophages (24) . THP-1 cells (1x10 6 ) were seeded into the lower insert of a 6-well Transwell apparatus with a 0.4-µm pore size and treated with PMA at a concentration of 350 nM for 24 h. After a thorough wash to remove all PMA, HepG2 cells were plated at 5x10 5 cells/well into the upper insert and cocultured with PMA-treated THP-1 macrophage cells without direct contact. In the coculture system, HepG2 cells were cocultured with THP-1-differentiated macrophages for 24 and 48 h and were then harvested for use in the subsequent experiments.
RT-PCR analysis. Total cellular RNA was extracted for RT-PCR as previously described (25) . Primers included were the following: B7-H3 (sense, 5'-ctctccaaaggaaagcgaggtgg acat-3' and antisense, 5'-agactgtacactgtaggtgctgaaatca-3'); HLA-DR (sense, 5'-tcacgtggcttcgaaatgga-3' and antisense, 5'-tccaccctgcagtcgtaaac-3'); iNOS (sense, 5'-tccaaggtatcct ggagcga-3' and antisense, 5'-cagggacgggaactcctcta-3'); TNF-α (sense, 5'-ctgggcaggtctactttggg-3' and antisense, 5'-ctggaggccc cagtttgaat-3'); arginase 1 (Arg1) (sense, 5'-acggaagaatcagcctg gtg-3' and antisense, 5'-gtccacgtctctcaagccaa-3'); macrophagederived chemokine (CCL22) (sense, 5'-gcctactctgatgaccgtgg-3' and antisense, 5'-agagagttggcacaggcttc-3'); vascular endothelial cell growth factor (VEGF) (sense, 5'-tgcggatcaaacctca ccaa-3' and antisense, 5'-ctccagggcattagacagca-3'). The housekeeping gene GAPDH was used as the PCR control. RT-PCR products were analyzed via 1.5% agarose gel electrophoresis and stained with ethidium bromide for visualization using ultraviolet light.
Western blot assay. THP-1 cells were washed with PBS twice and lysed with 1 ml RIPA lysis buffer containing a protease and phosphatase inhibitor for 30 min on ice. After removing the insoluble material by 12,000 x g centrifugation for 30 min at 4˚C, the supernatants were collected. Cell lysate protein content was determined using a bicinchoninic acid (BCA) protein assay kit. Equivalent amounts of whole cell extracts were subjected to SDS-PAGE and transferred to PVDF membranes. The membranes were blocked with 5% non-fat milk for 2 h and then incubated with the respective primary antibody overnight at 4˚C followed by incubation with the appropriate HRP-conjugated secondary antibody for 2 h at room temperature. Blots were visualized with an ECL detection kit (Pierce, uSA) and GAPDH was used as a loading control.
Short interfering RNA experiments. Short interfering RNA (siRNA) targeting human B7-H3 and the control scrambled siRNA were purchased from OriGene Company. Transfection was carried out by Lipofectamine 2000 (Invitrogen). Twentyfour and 48 h after transfection, HepG2 cells were cocultured with THP-1-differentiated macrophages for 12 h and then harvested for later RT-PCR analysis.
Inhibition of mitogen-activated protein kinase (MAPK) and signal transducer and activator of transcription 3 (STAT3)
signaling pathways. For the inhibition of the MAPK pathway, HepG2 cells were treated with SB203580, PD98059 and SP600125, which are specific inhibitors of p38, ERK and JNK, respectively (Sigma) at 15 ng/ml for 2 h. After a thorough wash to remove all the inhibitors, HepG2 cells were cocultured with THP-1-differentiated macrophages for 12 h and then harvested for later use. For the inhibition of the STAT3 pathway, HepG2 cells were treated with Tyrphostin AG490 (Sigma) at 20 ng/ ml for 24 h. After a thorough wash to remove all the AG490, HepG2 cells were cocultured with THP-1-induced macrophages for 12 h and then harvested for later use. Fig. 1A , the mRNA level of B7-H3 in the HCC tissues was significantly higher than that in the adjacent normal tissues of the same patients.
Results
B7-H3 overexpression is associated with TAM infiltration in HCC tissues. As illustrated in
Immunohistochemical results showed that B7-H3 was overexpressed in the majority of cases in contrast to the normal liver cells, which appeared to be extremely diffuse in the tumor cell membrane, cytoplasm or both (Fig. 1B) . Depending on the area of positive immunoreactivity, a final overall score (high tumor B7-H3 or low tumor B7-H3 expression) was established as described in Materials and methods. Of the 116 cases, 79.3% showed high expression of B7-H3 and 20.1% displayed a low degree of B7-H3 expression. In order to explore the potential role of B7-H3 in the tumor microenvironment, we analyzed the number of infiltrating TAMs. Among all HCC specimens, the number of infiltrating TAMs was significantly higher in the cancer than that in the normal tissue samples (Table I) . Moreover, the number of infiltrating CD68 + TAMs was significantly higher in the HCC tissues with high B7-H3 expression than in the HCC tissues with weak expression; the mean number of infiltrating macrophages being 243.1±12.8 and 87.3±5.9, respectively.
B7-H3 overexpression and infiltrating TAMs predict poor outcome of HCC patients.
Our previous results showed that the B7-H3 expression level was correlated with the number of TAMs in the evaluated HCC tissues. We then ascertained whether these two immunological factors could contribute to the outcome of the HCC patients. Kaplan-Meier survival analysis was used to examine the relationship between the B7-H3 expression level, the number of TAMs labeled with CD68 and their correlation with patient survival. The results showed that the overall survival time was significantly shorter in the high B7-H3 expression group than the overall survival time in the low B7-H3 expression group (risk ratio, 0.44; 95% CI, 0.225-0.858; p=0.016, Fig. 2A) . A shorter overall survival time was also associated with a higher number of infiltrating TAMs (Fig. 2B) . Tumor cells that expressed higher levels of B7-H3 exhibited higher levels of TAM infiltration (p<0.001, Mann-Whitney test).
B7-H3 is upregulated on macrophages induced by PMA after coculture with HCC cells.
To determine whether human HCC cells could induce the expression of B7-H3 on TAMs, we evaluated B7-H3 expression at the mRNA and protein levels in PMA-treated THP-1 cells cocultured with HepG2 cells by RT-PCR and western blot assays. B7-H3 mRNA expression was significantly upregulated in the THP-1 cells cocultured with HepG2 cells for 24 and 48 h (Fig. 3A) . In addition, B7-H3 protein expression was also increased in the TAMs after 24 and 48 h of coculture with HCC cells (Fig. 3B) . In addition, monocytes were isolated from human peripheral blood and induced to macrophages by PMA. The B7-H3 mRNA and Table I . Relationship between B7-H3 or TAM infiltration and the clinicopathological parameters of the HCC cases.
B7-H3 expression
TAM infiltration Total no.
- its protein expression in macrophages cocultured with HepG2 cell lines was significantly upregulated (data not shown).
---------------------------------Total no. -------------------------------------
B7-H3 promotes M2 phenotype macrophage polarization.
PMA-induced THP-1 cells have been described as 'innate' macrophages that can differentiate into M1 or M2 macrophages (26) . To determine whether HepG2-secreted B7-H3 can influence THP-1 cell differentiation into different macrophage subtypes, we examined the expression of M1 and M2 macrophage markers by RT-PCR assays. The results showed that HLA-DR, iNOS and TNF-α mRNA levels in the THP-1 cells were significantly reduced after 24 and 48 h of coculturing with HepG2 cells. However, Arg1, CCL22 and VEGF mRNA expression levels in the THP-1 cells were significantly increased after 24 and 48 h of coculturing with the HepG2 cells (Fig. 4) . The results suggest that hepatoma cells can promote THP-1-differentiated macrophages towards M2 phenotype polarization. Blocking of B7-H3 interferes with the hepatoma cell-mediated M2 macrophage polarization. To determine whether B7-H3 is involved in promoting THP-1-mediated macrophage differentiation into M2 macrophages, we pretreated HepG2 cells with B7-H3 siRNA and then examined the expression of M2 macrophage markers. The results showed that Arg1, CCL22 and VEGF mRNA expression levels in the THP-1 cells were significantly decreased after coculturing with B7-H3-knockdown HepG2 cells, compared with the control group. This suggests that pretreatment with B7-H3 siRNA abolished B7-H3-promoted M2 marker expression in the THP-1 cells (Fig. 5A) . In contrast, pretreatment with B7-H3 (30 ng/ml) markedly increased the expression of M2 macrophage markers (Fig. 5B) . Taken together, these results showed that HepG2-secreted B7-H3 could polarize THP-1-differentiated macrophages to an M2 macrophage phenotype. This may lead to the alteration of proinflammatory cytokine expression pattern, thus leading to suppression of the immune response within the tumor microenvironment.
Upregulation of B7-H3 expression on THP-1 cells is inhibited by partial blocking of the STAT3 signaling pathway.
To further clarify the mechanism of upregulation of B7-H3 expression on THP-1-differentiated macrophages cocultured with HCC cells, experiments of the blocking of the MAPK (p38, ERK and JNK) and STAT3 signaling pathways were performed. After pretreatment with SB203580, PD98059 and SP600125, THP-1-induced macrophages were cocultured with HepG2 cells for 6 h and then harvested for detection of B7-H3 mRNA expression. The results showed that SB203580, PD98059 and SP600125 had the tendency to abrogate the upregulation of B7-H3 mRNA expression in THP-1-induced macrophages, however, the data were not statistically significant (Fig. 6A-C) .
As for the STAT3 pathway, we chose Tyrphostin AG490 as its specific inhibitor. AG490 partially inhibited the increase in B7-H3 mRNA expression in the THP-1-induced macrophages cocultured with the HepG2 cells (Fig. 6D) . These results suggest that upregulation of B7-H3 expression on THP-1-differentiated macrophages induced by the HCC cell microenvironment may be via the STAT3 signaling pathway.
Discussion
As HCC has been shown to be immunogenic, immunotherapy is an alternative promising therapeutic approach (27) . Immunotherapy aims to provide a more efficient way to target tumor cells by inducing or enhancing the existing tumorspecific immune response. However, HCC demonstrated potential immunoresistance in the local tumor microenvironment allowing the tumor to evade a cytotoxic response (28) . Aberrant regulation of immune-stimulating antigens is one of the several complicated mechanisms concerning tumor immunoescape (29, 30) . In the present study, we showed that B7-H3 was uniformly overexpressed in hepatoma cells. Increased B7-H3 expression was detected in 79.3% of the 61 HCC specimens examined. Additionally, B7-H3 expression was significantly correlated with the patient overall survival time; that is lower levels of B7-H3 expression were associated with a prolonged survival time. In light of previous studies and the results of the present study (9, 10, 14) , it appears that B7-H3 plays a critical role in the pathogenesis and development of HCC, however, its exact role remains unclear. Several studies have demonstrated that TAMs play a key role in the tumor progression of HCC (18, 31) . TAMs are mainly polarized towards the M2 phenotype and favors tumor formation and progression (32, 33) . In order to explore the mechanisms underlying the overexpression of B7-H3, we analyzed the relationship between B7-H3 expression and TAMs in HCC. Immunohistochemical results showed that the B7-H3 expression in tumor cells was correlated with the infiltration of TAMs in HCC tissues, and the number of TAMs had a negative correlation with the patient survival time. Moreover, HCC cells upregulated B7-H3 expression in PMA-induced THP-1 cells. These findings suggest that the macrophages that infiltrate the HCC tissues may be important for promoting tumor progression, and B7-H3 may be involved in this process. Our results are in line with previous similar studies of other costimulatory molecules that function in TAM regulation. For example, Chen et al showed that TAMs could be induced to express the B7-H3 molecule in tumor stroma when cultured with tumor cells in lung cancer. upregulation of B7-H3 on TAMs is a major pro-inflammatory resource and novel immune escape mechanism in the tumor milieu (34) .
TAMs are the prominent population of infiltrating leukocytes and the major source of inflammatory cytokines in the tumor milieu (35, 36) . upon activation, macrophages can release a vast diversity of cytokines, proteolytic enzymes, growth factors and inflammatory mediators that may directly influence the behavior of tumor cells (37) . Generally, the M1 phenotype could secrete reactive oxygen and nitrogen intermediates to kill cancer cells, and immunomodulatory factors including TNF-α and interleukin-1β (IL-1β) to recruit CTL cells to attack cancer (38) . The M2 phenotype has the opposite effects. They release vascular endothelial cell growth factor (VEGF), platelet-derived growth factor (PDGF), tumor transforming growth factor (TGF)-β and IL-10 that promote cancer cell growth. Moreover, these M2-like TAMs can produce a variety of matrix metalloproteinases and chemokines, such as MMP-2, MMP-7, MMP-9, CCL18, CCL22 that facilitate cancer micrometastasis (39, 40) . In the present study, the coculture experiment revealed that M2 phenotype marker expression was significantly increased on the PMA-treated THP-1 cells. Accordingly, M1 phenotype marker expression was reduced vice versa. Therefore, we concluded that the subtle cytokine changes in the HCC microenvironment have the potential to promote TAMs to differentiate into the M2 phenotype, and overexpression of B7-H3 may be involved in this.
Accumulating data revealed that B7 costimulatory molecules were highly expressed on TAMs and these TAMs expressing certain B7 molecules favored pro-inflammatory response to immune tolerance in the tumor milieu. Chen et al demonstrated that B7-H4-expressing macrophages were related to tumor size, lymph node metastasis and TNM stage, which may promote tumor progression (41) . In addition, B7-H1 and B7-H4 have been found to be involved in the shift from inflammatory M1 macrophage to the anti-inflammatory M2-like macrophage differentiation (42, 43) . In the present study, the macrophages derived from the THP-1 cells cocultured with siB7-H3-treated HepG2 cells reduced expression levels of Arg1, CCL22 and VEGF, which are distinctive of M2 macrophages, demonstrating that the B7-H3 signaling pathway significantly interfered with the switching of the macrophage phenotype towards M2. Based on the results collected, we can speculate that the complex of the HCC tumor microenvironment resulted in the aberrant expression of tumor-associated molecules including B7-H3, which further accelerated the tumor progression and could be released into the blood as its soluble form (sB7-H3). sB7-H3 with other immunosuppressive cytokines, such as IL-10, TGF-β and IL-1β, promote the polarization of TAMs towards the M2 phenotype. Therefore, we hypothesized that B7-H3 may also function as a chemotactic factor, attracting monocytes in the peripheral blood to migrate to tumor tissues and induce the differentiation of macrophages, thereby promoting tumor oncogenesis and development.
Recent studies have demonstrated that the expression of the B7-H3 gene is involved in activation of the STAT3 and MAPK pathways (44, 45) . Moreover, several major signaling pathways and their modulators/targets, including the MAPK and STAT signaling pathways, are involved in directing the macrophage plasticity and polarized function, and are associated with reciprocal skewing of macrophage polarization between the M1 and M2 states (46, 47) . In the present study, the upregulation of M2-phenotype marker expression in the THP-1-differentiated macrophages was partially abrogated by inhibitors specific for STAT3 signaling, while no obvious effects were noted by the p38, JNK and ERK specific inhibitors. Therefore, the M2-like TAMs in HCC tissues may be induced by the inflammatory cytokines released from HCC tissues through activating the B7-H3/STAT3 signaling pathway.
In summary, the present study revealed that overexpression of B7-H3 in tumor cells was associated with TAM infiltration in HCC tissues, and B7-H3 expression was induced on the surface of PMA-induced macrophages facilitating M2-TAM polarization in the HCC microenvironment. In support, inflammatory cytokines released from M2-TAMs stimulated tumor growth and metastasis. Furthermore, the B7-H3/STAT3 signaling pathway may be involved in switching macrophages to the M2 phenotype and the negative regulation of the T lymphocytemediated immune response. Therefore, future studies to identify methods of inhibiting B7-H3 expression in HCC are warranted. TAM-tumor cell interaction-induced B7-H3 represents a novel immune escape target in the HCC tumor milieu.
